Bats in temperate regions use multiple types of roosts. Females sometimes raise young in maternity roosts that are used as day and night roosts; males and nonreproductive females often use different roosts during the day than at night (Kunz 1982) . Structures used as night roosts may serve several functions, including conservation of energy, protection from predators, and locations for information transfer, social interaction, and consumption and digestion of prey (Kunz 1982; Perlmeter 1996) . Recently, our understanding of types of roosts used and patterns of use of day roosts has increased as a result of studies using radiotelemetry (Betts 1998; Ormsbee and McComb 1998; Rabe et al. 1998) . In contrast, despite the fact that a significant proportion of the nightly time budget of bats is taken up by night-roosting (Anthony et al. 1981; Barclay 1982; Perlmeter 1996) , information regarding use of night roosts is limited, and the extent and pattern of use of different * Correspondent: John.P. Hayes@orst.edu types of structures used by bats for roosting at night is not well understood.
Bats have been known to use bridges as sites for roosts for some time (Davis and Cockrum 1963) . Recent findings in Oregon indicate substantial use of some bridges as day and night roosts, and occasionally bridges are used for maternity colonies (Perlmeter 1996; S. Cross, pers. comm.) . However, the extent that bridges are used as night roosts by bats is poorly known.
Ten species of bats occur in the Oregon Coast Range, 9 of which (Corynorhinus townsendii, Eptesicus fuscus, Lasionycteris noctivagans, Myotis californicus, M. evotis, M. lucifigus, M. thysanodes, M. volans, and M. yumanensis) sometimes use bridges for roosting. Concern over the potential importance of bridges as roosts for bats, coupled with the sensitive status of several species of bats in the region (Marshall et al. 1996) , led to increased protection of abandoned wooden bridges on federal lands in portions of the Pacific Northwest (United States De-partment of Agriculture Forest Service and United States Department of the Interior Bureau of Land Management 1994); other types of bridges have not received special protection. We report on types of bridges used as night roosts by 8 species of bats in the Oregon Coast Range. We also present information on the temporal patterns of use of bridges as night roosts.
MATERIALS AND METHODS
Study area.-We studied use of bridges by bats in Benton, Douglas, Lane, Lincoln, Tillamook, and Yamhill counties in the Coast Range of western Oregon, primarily on lands managed by the U.S. Forest Service and Bureau of Land Management. The area had cool wet winters and mild, dry summers with mean temperatures of 5.9ЊC in January and 19.6ЊC in July (Franklin and Dyrness 1973) . We assessed use of bridges of the 4 most common types of construction in the area: 1) concrete cast-in-place, with ''cells'' or chambers on the underside of the bridge; 2) concrete flat-bottom; 3) I-beam, constructed using parallel concrete or steel girders; and 4) wooden. Wooden bridges generally were constructed with lumber treated with creosote, a wood preservative. Bridges spanned a variety of sizes of streams and were located on forest roads with little traffic. Capture surveys.-We used red-filtered lights to count roosting bats at each of 50 bridges (26 concrete cast-in-place bridges, 12 wooden, 6 Ibeam, 6 concrete flat-bottom) between 2300 and 0100 h and 0300 and 0500 h on 1 night between 10 July and 14 August and 1 night between 15 August and 5 September 1996 to determine differences in use related to type of bridge. After assessing the number of roosting bats, we captured as many roosting bats as possible by hand or by using a hoop net or plastic box mounted on a pole to determine species-specific patterns in use of bridges as night roosts. We determined age (based on ossification of metacarpals), sex, reproductive status, and species of captured bats. Identification of M. lucifigus and M. yumanensis is difficult; these species exhibit considerable overlap in morphological characteristics and hybridization between them may occur (Parkinson 1979) . We attempted to differentiate between these 2 species based on a combination of length of forearms, coloration of pelage, and profile of skull.
We tested for differences in numbers of bats observed roosting under different types of bridges chi-square analysis (SAS Institute Inc. 1990); expected values were generated based on the proportion of bridges of each type of construction, assuming equal use of each bridge. We conducted stepwise regression analysis using number of bats observed at a bridge as the dependent variable and length, width, height (distance above the stream), and area (length ϫ width) as independent variables for the 27 concrete cast-in-place bridges surveyed; similar analyses were not conducted for other bridge types because of sample size.
Monthly surveys.-To determine temporal patterns of use of bridges by bats, we surveyed 10 additional concrete cast-in-place bridges for 1 night during the 1st week of each month in April-September 1996. We restricted monthly surveys to concrete cast-in-place bridges because preliminary observations suggested that concrete cast-in-place bridges supported highest densities of bats. We counted and observed locations of bats roosting under each bridge using red-filtered lights roughly every hour from 1 after sunset until sunrise. We did not attempt to capture roosting bats during that part of the study to minimize disturbance of bats. Because of difficulties identifying bats while they were roosting, we did not identify bats to species. We tested for differences in numbers of bats roosting in end chambers (chambers closest to either end of the bridge) and center chambers (chambers located over the stream and away from the bank) using chi-square analysis. We used an a priori expectation of equal numbers of bats in end chambers and center chambers in our analysis. As actual area of end chambers was substantially less than area of center chambers in each bridge examined, that analysis was conservative for detecting higher levels of use in end chambers.
Guano traps.-We constructed guano traps by fastening water-permeable screen (3M Weedblock, 3M Company, St. Paul, Minnesota) to 1-m 2 wooden frames. We placed guano traps under 20 bridges (19 concrete cast-in-place, 1 I-beam) in April 1996 and under 8 additional bridges (5 
wooden, 3 concrete flat-bottom) in September 1996. We placed 1 trap under each bridge near or on the ground in the area of the bridge that we judged most likely to be used as a night roost (based on presence of guano, urine stains, and structure of the bridge); traps were usually placed under the corner of an end chamber. We visited traps monthly through November 1997 and collected guano deposited on traps. We washed guano in water to separate guano from dirt and debris, oven-dried it for 12 h at 60ЊC, and then weighed it to the nearest 0.001 g.
RESULTS
We counted 744 bats and captured 246 bats of 8 species (Table 1) during the capture surveys. We captured Myotis lucifigus, M. yumanensis, M. volans, and Eptesicus fuscus most frequently; Corynorhinus townsendii and M. californius were captured only incidentally. We captured more females (146) than males (100) and more adults (201) than juveniles (45). Both nonreproductive and reproductive females were captured night-roosting under bridges. Some bridges consistently were used by significant concentrations of bats, and a maximum of 119 bats were observed using a bridge at a time in the monthly surveys.
Relative use of different types of bridges.-During capture surveys, we observed bats night-roosting at least once at each of the 6 I-beam bridges, 25 of the 26 concrete cast-in-place bridges, and 2 of the 12 wooden bridges. Bats were never observed nightroosting at any of the 6 concrete flat-bottom bridges. We observed 673 bats roosting under concrete cast-in-place bridges, 69 bats roosting under I-beam bridges, and 2 bats roosting under wooden bridges. Use of bridges differed significantly among types of construction ( 2 ϭ 480.1, d.f. ϭ 3, P Ͻ 0.001), with concrete cast-in-place bridges having the greatest concentrations of bats.
Results of guano collection at different types of bridges are consistent with findings from capture surveys. We collected guano from traps at 24 of the 28 bridges where traps were set. Guano was never collected from traps at the 3 flat-bottom bridges or 1 of the 5 wooden bridges. Guano traps indicated that wooden bridges were sometimes used, although amount of guano collected at wooden bridges sampled was small. Guano was collected at 4 of the 5 wooden bridges in 9 of the 14 months surveyed and averaged 1.8% of the total monthly dry weight from all bridges (n ϭ 14, SE ϭ 2.6, range 0-8.9%).
All 3 number of factors probably accounted for increased use of larger bridges, including increased area for roosting, greater accessibility into and out of the roost, greater protection from terrestrial predators, and greater retention of solar radiation.
Spatial and temporal use of bridges.-Of 1,763 observations of bats roosting under bridges during the monthly surveys, most bats roosted at the junction of the wall of a chamber and the ceiling of the bridge (96.3% of the bats observed). Bats only occasionally roosted on the ceiling of the bridge (3.7%), usually individually and in the middle of the chamber. Bats observed roosting under concrete cast-in-place bridges in the monthly surveys roosted in end chambers (70.3%) more frequently than in center chambers (29.7%; 2 ϭ 276.6, d.f. ϭ 1, P Ͻ 0.001).
We observed maximum numbers of bats during monthly surveys at bridges in July (48.6 bats/bridge Ϯ 14.9 SE) and August (39.5 Ϯ 14.9; Fig. 1 ), although the pattern varied somewhat among bridges. Similar patterns were observed for guano deposition (Fig. 2) . Guano deposition steadily increased from winter to summer, except in April 1997, when large amounts of guano were collected. The large amount of guano for April 1997 resulted largely from a large amount of guano deposited at 1 bridge, accounting for 55% of the total dry weight of guano for the month.
In each month that we conducted monthly surveys, we observed low numbers of bats night-roosting under bridges within 1-1.5 h following sunset. Bats roosted under bridges throughout the night, but peak use generally occurred at 0300-0430 h; from June to August, 39.5% to 60.7% of observations of roosting bats were made during this period. Bats generally departed from bridges before 0600 h; we observed bats roosting after 0600 h only during September (5 bats). Departure of bats from bridges in the early morning hours indicates that these bridges were rarely being used as day roosts. Hourly variation in numbers of bats was high. For example, at 1 bridge in July, 5 bats were present in a single chamber at 0300 h, 119 at 0400 h, and 2 at 0500 h.
DISCUSSION
We hypothesize that the greater use of concrete cast-in-place bridges is related to the thermal characteristics of these bridges. Bats likely minimize heat loss while roost-ing against walls under concrete cast-inplace bridges. Concrete bridges absorb heat from solar radiation during the day and retain a substantial amount of this heat into the night. Perlmeter (1996) reported that mean temperatures of concrete bridges were 9.3-15.2ЊC higher than ambient temperatures at 5 concrete bridges in the Oregon Cascades. Chambers under cast-in-place bridges likely help retain some of the heat absorbed during the day and provide sheltered sites for roosting bats. Lack of chambers under flat-bottom concrete bridges allows more rapid radiation of heat at night. In addition to thermal benefits derived by absorption of heat from the bridge, heat loss from bats roosting in chambers under castin-place bridges is probably further reduced because chambers reduce airflow adjacent to the bat. Bats roosting exposed under flatbottom bridges probably incur additional heat loss due to airflow.
Although wooden bridges provide important sites for roosting for bats in some parts of Oregon (S. Cross, pers. comm.), the wooden bridges that we surveyed were used rarely. Reasons for the lack of use of wooden bridges in our study are not clear but may be because most of wooden bridges in the area studied were coated with creosote, an oily liquid with a pungent odor used as a wood preservative. As our sample size of wooden bridges was small, our results should be interpreted with caution but suggest that many wooden bridges in the Oregon Coast Range do not receive substantial use. Use of bridges is likely to vary by region and details of construction. Because of the potential conservation implications of destroying important roost sites combined with substantial use of some wooden bridges by bats, we recommend that use by bats be determined before removal or destruction of wooden bridges.
Chambers over water appeared to cool more quickly than end chambers, which were somewhat insulated by being closer to the ground and protected from air currents. We hypothesize that greater use of end chambers was related to their thermal characteristics and that presence of microsites with favorable thermal characteristics for roosting is a key factor influencing selection of bridges for roost sites. This hypothesis is supported by observations that amount of night-roosting increases dramatically under flat-bottom bridges when wooden boxes are attached beneath them (E. B. Arnett and J. P. Hayes, in litt.) .
Bat activity in the winter months evidenced from guano deposition at bridges is consistent with low levels of activity in the winter documented by Hayes (1997) using bat detectors at 2 streams in the Oregon Coast Range. Activity during winter in the temperate zone is generally low for most bat species, and foraging, while not common, sometimes occurs during winter (Avery 1985; Brigham 1987; Whitaker 1993) .
Bridges play an important role as night roosts for bats. Our data indicate that size and type of construction are primary factors influencing use of bridges as night roosts, and we hypothesize that this relates primarily to thermal characteristics of bridges. However, it is likely that a variety of factors interact with type of construction and size of bridges to influence use by bats. Patterns of night-roosting may be influenced by the behavioral ecology of bats (Perlmeter 1996) , distance to foraging areas and day roosts (Lewis 1994; Ormsbee and McComb 1998) , and quality of foraging habitat adjacent to bridges. Understanding of factors influencing use of night roosts remains poorly developed, and additional research on this topic would be valuable.
